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Abstract²7KHJOREDOZDUPLQJDQGLWVLPSDFWRQFOLPDWHFKDQJH
LV RQH RI PDLQ FKDOOHQJHV IRU FXUUHQW FHQWXU\ *OREDO ZDUPLQJ LV
PDLQO\ GXH WR WKH HPLVVLRQRIJUHHQKRXVHJDVHV *+* DQGFDUERQ
GLR[LGH &2 LV NQRZQ WR EH WKH PDMRU FRQWULEXWRU WR WKH *+*





2[\WXUELQH F\FOHV KDYH EHHQ LQYHVWLJDWHG E\ PHDQV RI
WKHUPRG\QDPLF DQDO\VLV 1HW3RZHU F\FOH LV RQH RI WKH OHDGLQJ
R[\WXUELQH SRZHU F\FOHVZLWK DOPRVW IXOO FDUERQ FDSWXUH FDSDELOLW\
IURPD QDWXUDO JDV ILUHG SRZHUSODQW ,Q WKLVPDQXVFULSW VHQVLWLYLW\
DQDO\VLVRIWKHKHDWH[FKDQJHUGHVLJQLQ1HW3RZHUF\FOHLVFRPSOHWHG
E\ PHDQV RI SURFHVV PRGHOOLQJ 7KH KHDW FDSDFLW\ YDULDWLRQ DQG
VXSHUFULWLFDO&2ZLWKJDVHRXVDGPL[WXUHVDUH FRQVLGHUHG IRUPXOWL
]RQH DQDO\VLV ZLWK $VSHQ 3OXV VRIWZDUH ,W LV IRXQG WKDW WKH KHDW
H[FKDQJHU GHVLJQ KDV D PDMRU UROH WR LQFUHDVH WKH HIILFLHQF\ RI
1HW3RZHU F\FOH 7KH SLQFKSRLQW DQDO\VLV LV GRQH WR H[WUDFW WKH
FRPSRVLWHDQGJUDQGFRPSRVLWHFXUYHIRUWKHKHDWH[FKDQJHU,QWKLV
SDSHU UHODWLRQVKLS EHWZHHQ WKH F\FOH HIILFLHQF\ DQG WKH PLQLPXP
DSSURDFK WHPSHUDWXUH ¨7PLQ RI WKH KHDW H[FKDQJHU KDV DOVR EHHQ
HYDOXDWHG,QFUHDVHLQ¨7PLQFDXVHVDGHFUHDVHLQWKHWHPSHUDWXUHRI
WKHUHF\FOHIOXHJDVHV5)*DQGDQRYHUDOOGHFUHDVHLQWKHUHTXLUHG
SRZHU IRU WKH UHF\FOHG JDV FRPSUHVVRU 7KHPDLQ FKDOOHQJH LQ WKH






2[\FRPEXVWLRQ F\FOH¶V SHUIRUPDQFH DQDO\VLV DQG RSHUDWLRQDO
FRQGLWLRQEDVHGRQLWVKHDWH[FKDQJHUGHVLJQ

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VXSHUFULWLFDOFDUERQGLR[LGHSLQFKSRLQWDQDO\VLV
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+LUERG 9DUDVWHK LV ZLWK WKH 6FKRRO RI &UHDWLYH $UW DQG (QJLQHHULQJ
6WDIIRUGVKLUH8QLYHUVLW\5RRP60HOORU%XLOGLQJ&ROOHJH5RDG6WRNHRQ
7UHQW67')8.HPDLOKLUERGYDUDVWHK#UHVHDUFKVWDIIVDFXN
+DPLGUH]D * 'DUDENKDQL LV ZLWK WKH 6FKRRO RI &UHDWLYH $UW DQG
(QJLQHHULQJ6WDIIRUGVKLUH8QLYHUVLW\5RRP60HOORU%XLOGLQJ&ROOHJH
5RDG 6WRNH RQ7UHQW 67 ')8. SKRQH     HPDLO
KJGDUDENKDQL#VWDIIVDFXN
SODQW SUHFRPEXVWLRQ SRVWFRPEXVWLRQ DQG R[\FRPEXVWLRQ
7KH R[\FRPEXVWLRQ LV D FDSDEOH WHFKQRORJ\ LQ &&6 ZLWK
UHODWLYHO\PRUHDGYDQWDJHVFRPSDUHWRRWKHUWHFKQLTXHV2[\
FRPEXVWLRQ RI WKH VROLG IXHOV HJ FRDO DQG ELRPDVV KDV
UHFHLYHG D KLJK OHYHO RI LPSURYHPHQW DQG LW LV UHDG\ WR EH
LPSOHPHQWHGLQQHZO\GHYHORSHGRUUHWURILWWHGVROLGIXHOSRZHU
SODQWV+RZHYHUWKHR[\FRPEXVWLRQFDSWXUHIRU  JDVILUHG
SRZHU SODQWV LV XQGHU GHYHORSPHQW $OWKRXJK VHYHUDO
R[\WXUELQHF\FOHVDUHSURSRVHGDQGVWXGLHGE\WKHUPRG\QDPLF
DQDO\VLV RQO\ WZR F\FOHV RI&(6 DQG$OODP 1HW3RZHU DUH
FXUUHQWO\LQGHPRQVWUDWLRQSKDVHERWKIXQGHGE\'2(LQWKH
86
7KH $OODP F\FOH LV RQH RI QRYHO R[\FRPEXVWLRQ
WHFKQRORJLHVDQGLWLVGHYHORSHGUHFHQWO\ZLWK5LYHUV&DSLWDO
7KH  5LYHUV ([HORQ *HQHUDWLRQ DQG &%	, DUH RZQHUV RI
1HW3RZHU1HW3RZHUGHYHORSVQDWXUDOJDV$OODPF\FOHDQGLWLV
FXUUHQWO\EXLOGLQJD0:WKQDWXUDOJDVGHPRQVWUDWLRQSRZHU
SODQW LQ /D 3RUWH 7H[DV >@ 7KLV DUWLFOH SUHVHQWV WKH ODWHVW
UHVXOWV RI RXU LQYHVWLJDWLRQ RQ WKH HIIHFWV RI KHDW H[FKDQJHU
GHVLJQRQ1HW3RZHUR[\WXUELQHF\FOHZLWKIXOOFDUERQFDSWXUH
,, $1$/<=,1*2)1(732:(5&<&/(
A. NetPower Cycle  
1HW3RZHUF\FOHLVLQWURGXFHGZLWK5RGQH\$OODP7KHF\FOH





1HW3RZHU F\FOH FRPEXVWRU EXUQV QDWXUDO JDV ZLWK SXUH
R[\JHQVXSSOLHGIURPDQ$LU6HSDUDWLRQ8QLW$68DQGKLJK
SUHVVXUH &2 VWUHDP LQOHWV UHF\FOHG IURP LWV SRZHU WXUELQH
5HF\FOH )XHO *DV 5)* LV KHDWHG ZLWK D UHFRYHU\ KHDW
H[FKDQJHU DQG IORZV WR WKH FRPEXVWRU WR UHGXFH WKH
&RPEXVWLRQ 2XWOHW 7HPSHUDWXUH &27 ZLWK GLOXWLQJ WKH
FRPEXVWLRQSURGXFWV7KH5)*IORZUDWHFRQWUROV WHPSHUDWXUH
RI FRPEXVWLRQ LQ DQ DFFHSWDEOH OHYHO 7KH GLUHFWILUHG
VXSHUFULWLFDO FDUERQ GLR[LGH 6&2 WXUELQH LV FRROHG ZLWK
FRROLQJVWUHDPIURPKHDWH[FKDQJHU>@
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WR WKH WKUHHF\FOH VWUHDPV7KLV LQFOXGHV WKH&2ULFK VWUHDP
UHF\FOHG WR WKH FRPEXVWRU WR PRGHUDWH WHPSHUDWXUH RI
FRPEXVWRUWKHR[LGDQWVWUHDPUHF\FOHGWRWKHFRPEXVWRUDQG
&2 ULFK VWUHDP IRU FRROLQJ WXUELQH EODGHV $OVR WKH KRW




JDV IURP KHDW H[FKDQJHU LV FRROHG GRZQ DQG WKH &2 LV
VHSDUDWHG IURP ZDWHU 7KH ZDWHU LV VHQW WR WKH ZDVWHZDWHU
WUHDWPHQWIRUUHFRYHU\DQGWUHDWPHQW$SRUWLRQRI&2VWUHDP
IRUP ZDWHU VHSDUDWLRQ XQLW LV VHQW IRU SXULILFDWLRQ DQG
FRPSUHVVLRQ XQLWH0RVW RI &2 LV FRPSUHVVHG DQG UHF\FOHG
























B. NetPower Simulation with Aspen Plus 
7KH1HW3RZHUF\FOHLVPRGHOHGZLWK$VSHQ3OXVVRIWZDUH
SURFHVVIORZGLDJUDP3)'RIWKHPRGHOLVVKRZQLQ)LJ
Recovery Heat Exchanger: +HDW H[FKDQJHU RQ 1HW3RZHU
F\FOHFDQEHFRPSDFWPXOWLFKDQQHOSODWHILQGHVLJQRUSULQWHG
FLUFXLWLQ1LFNHODOOR\HJ$OOR\>@
+HDWULF &RPSDQ\ VXSSOLHV IRXU SULQWHG FLUFXLW KHDW
H[FKDQJHUV3&+(VIRU1HW3RZHUWRFRPPLVVLRQWKH0:
GHPRQVWUDWLRQSODQWLQ7H[DV>@3&+(VLVDPXOWLVWUHDPKHDW
H[FKDQJHU W\SH7KHPXOWLVWUHDPKHDW H[FKDQJHU 06+( LV
UHSODFHGZLWK+HDW([FKDQJHU1HWZRUN +(1 RQ1HW3RZHU









HIILFLHQF\ 3&+(V DUH VPDOOHU DQG OLJKWHU WKDQ FRQYHQWLRQDO
KHDW H[FKDQJHU WKHLU VSHFLILFDWLRQV DUH KLJK SUHVVXUH
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7KHKHDWH[FKDQJHUFRVWHIIHFWV VWURQJO\RQ WKH ILQDOSODQW
FRVW6PDOOHUPLQLPXPWHPSHUDWXUHDSSURDFKǻ7PLQIRUKHDW
H[FKDQJHU LQFUHDVHV HIILFLHQF\ EXW DOVR LQFUHDVHV WKH FDSLWDO










LQFOXGH WZR KLJKULFK UHF\FOHG &2VWUHDPV DQG RQH R[LGDQW
VWUHDP7KHKLJKULFKUHF\FOHG&2VWUHDPLQFOXGHVRQH5)*
UHF\FOH IORZJDVZKLFK LV KHDWHG DQG HQWHU WR FRPEXVWLRQ
DQRWKHUVWUHDPLVFRROLQJWXUELQHVWUHDPZKLFKLVKHDWHGDQG




&2LQKRW DQG FROG VWUHDPVFDXVHV VLJQLILFDQW LPEDODQFH ,Q
RUGHUWRDYRLGLPEDODQFHLQKHDWWUDQVIHUILUVWWKHFROGVWUHDPV
DUH KHDWHG XS ZLWK KHDW IURP RSHUDWLRQ RI &2 UHF\FOH
FRPSUHVVRURXWVLGHWKHPXOWLVWUHDPKHDWH[FKDQJHUDQGKRWDLU
IURP $68 FRPSUHVVRUV LQVLGH PXOWLVWUHDP KHDW H[FKDQJHU
7KHQWKH\DUHKHDWHGZLWKH[KDXVWJDVIURPWXUELQH>@
Recovery Heat Exchanger modeling in aspen plus: 7KH
UHFRYHU\ KHDW H[FKDQJHU LV PRGHOHG ZLWK PXOWL VWUHDP KHDW
H[FKDQJHU0+HDW;EORFN LQ$VSHQ SOXV WKLV FDOFXODWHV KHDW
GXW\ EHWZHHQ PXOWL KRW DQG FROG VWUHDPV )XUWKHUPRUH WKLV
EORFN FDOFXODWHV WKH RYHUDOO 8$ RYHUDOO KHDW WUDQVIHU
FRHIILFLHQW IRU WKH H[FKDQJHU ǻ7PLQ ǻ7PLQ 1XPEHU RI
7UDQVIHU8QLWV 178 DQDO\VHV D GHWDLOHG ]RQH DQDO\VLV DQG
FRPSRVLWHFXUYH$VSHQ7HFK









7R FDOFXODWH GHVLJQ SDUDPHWHUV RI PXOWLVWHDP KHDW
H[FKDQJHU IRU SRZHU SODQW LW UHTXLUHV DOO PDWHULDO RI HQHUJ\













7KH PDLQ LVVXH LQ KHDW H[FKDQJHU GHVLJQ IRU SRZHU SODQW
F\FOH LV SLQFK SRLQW 'XULQJ SDUWLDO ORDG RU XQVWHDG\ VWDWH
FLUFXPVWDQFHVVRPHWLPHSLQFKSRLQWRUWHPSHUDWXUHFURVVRYHU




7KH WXUELQHFRROLQJFDXVHVGLIILFXOWLHV LQFDOFXODWLRQV WR ILQG
HIILFLHQF\RI&2'LUHFWILUHG WXUELQH ,Q RXU VLPXODWLRQ WKH
HIILFLHQF\ RI WXUELQH IRU 1HW3RZHU F\FOH DUH FRQVLGHUHG
FRQVWDQW
)LUVW 6&2 WXUELQH LV VXSSOLHG ZLWK 7RVKLED IRU WKH SODQW
EXLOGLQ7H[DV86$>@1HW3RZHUF\FOHWXUELQHLVLQWHUFRROLQJ
WXUELQHDQGLWUHTXLUHVIROORZLQJGHYHORSPHQWV
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+LJKHU ,QOHW WXUELQH WHPSHUDWXUH 7,7 FDXVHV KLJKHU




WKH FRROLQJ IORZ ZKLFK LV DOPRVW SXUH &2 LV YHU\ KLJK
FRPSDUHGWRFRQYHQWLRQDOFRROLQJIORZ
7KH H[HUJ\ RI D V\VWHP LV WKH PD[LPXP HQHUJ\ WKDW LV
DYDLODEOH WREHXVHG ,QFUHDVLQJJDV WXUELQH LQOHW WHPSHUDWXUH
GHFUHDVHVLQFRPEXVWLRQFKDPEHUH[HUJ\GHVWUXFWLRQ>@7KLV
LV GXH WR WKH IDFW WKDW WKLV LQFUHDVH OHDGV LQ GHFUHDVLQJ WKH
HQWURS\GHVWUXFWLRQ2QWKHRWKHUVLGH7,7LQSRZHUWXUELQHVLV
UHTXLUHGWREHDKLJKHUYDOXHWRDYRLGH[HUJ\GHVWUXFWLRQ>@
,QFUHDVLQJ 7,7 LQFUHDVHV VLJQLILFDQWO\ ERWK HIILFLHQF\ DQG
VSHFLILFZRUNRXWSXW>@
,Q1HW3RZHUF\FOH7,7WXUELQH,QOHW7HPSHUDWXUHRU&27










DVVXPLQJ WKDWZRUNLQJ IOXLG LVDQ LGHDOPL[WXUHRI LGHDOVJDV
VSHFLHV 7KLV PHWKRG KDV EHHQ XVHG LQ VRPH FRPPHUFLDO
VLPXODWLRQ FRGHV HJ*7 3UR DQG SULYDWH VLPXODWLRQ FRGHV
HJ *( VLPXODWLRQ FRGH E\ 3ROLWHFQLFR GL 0LODQR >@
$QRWKHU PHWKRG ZKLFK LV PRGHOHG ZLWK (/0DULV LV FRROHG
H[SDQVLRQPRGHO >@7KLVPRGHO LV LPSURYHGZLWK5REHUWR
6FDFFDEDUR]]LIRUVLPXODWLRQRI WXUELQHZLWKFRROLQJEODGH LQ
$VSHQ3OXV WKH WXUELQH LV VSOLWWHG WR LQILQLWHH[SDQVLRQ VWHSV
DQGXVHGDFRUUHODWLRQWRLPSURYHDFFXUDF\RIPRGHO>@7KLV









,Q WKLVDUWLFOHDQHZPHWKRG LVRIIHUHG WRVLPXODWH WXUELQH
ZLWKFRROLQJEODGH,QRUGHUWRVLPXODWHDQGFDOFXODWHWXUELQH
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σ ሶ݉௜ ݁௫ǡ௜ ൌ σ ሶ݉௘ ݁௫ǡ௘ ൅ ܧሶ௫ǡ௪ ൅ ܫሶௗ௘௦௧

σ ݉݁௫ǡపሶ௜ ൌ ܧሶ௫ǡହ ൅ ܧሶ௫ǡ଺
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

σ ݉݁௫ǡపሶ௜ ൌ ܧሶ௫ǡହ ൅ ܧሶ௫ǡ଺





ܫሶௗ௘௦௧௔௦௣௘௡௠௢ௗ௘௟ ൌ ܫሶௗ௘௦௧்௨௥௕௜௡௘௔௦௣௘௡ ൅ ܫሶ௠௜௫௘௥

ܧሶ௫ǡହ ൅ ܧሶ௫ǡ଺ ൌ ܧሶ௫ǡ଻ ൅ ௚ܹ௧ ൅ ܫሶௗ௘௦௧௔௦௣௘௡௠௢ௗ௘௟

,IZH VXEWUDFW  DQG  WKHQ WKH IROORZLQJ HTXDWLRQ LV
H[WUDFWHG

Ͳ ൌ ܫሶ௔௦௣௘௡௠௢ௗ௘௟ െ ܫሶௗ௘௦௧்௨௥௕௜௡௘௪௜௧௛௖௢௢௟௜௡௚

ܫሶௗ௘௦௧்௨௥௕௜௡௘௔௦௣௘௡ ൅ ܫሶ௠௜௫௘௥ ൌ ܫሶௗ௘௦௧்௨௥௕௜௡௘௪௜௧௛௖௢௢௟௜௡௚








H[KDXVW JDV RI FRPEXVWLRQ FDQ EH PL[HG DQG DQ H[HUJ\
GHVWUXFWVLQPL[HUEHIRUHLQWHUULQJWXUELQHEORFN
(TXDWLRQV  VKRZ WKDW GHVWUXFWLRQ LQ DVSHQ PRGHO
WXUELQHLVOHVVWKDQWXUELQHZLWKFRROLQJV\VWHPWKHUHIRUHWKH
HQWURS\ JHQHUDWLRQ LQ DVSHQ PRGHO LV OHVV WKDQ WXUELQH ZLWK












7KH H[KDXVW JDV H[LWV IURP KHDW H[FKDQJHU DIWHU KHDW




7KH &2 LV VHSDUDWHG LQ WZR SDUWV RQH SDUW DV F\FOH E\
SURGXFWIRUF\FOHVWDELOLW\H[LWWRVHTXHVWUDWLRQXQLW7KHRWKHU
SDUW LVUHF\FOHG WURXJKIRXUVWDJHLQWHUFRROHGFRPSUHVVRUDQG
WZR LQWHUFRROHGSXPSLQJ VWDJHV DQGDOO LQWHUFRROLQJDUHZLWK
FRROLQJ ZDWHU DQG FRROLQJ WRZHU 7KH FRROLQJ ZDWHU
WHPSHUDWXUHLVGHSHQGHQWWRHQYLURQPHQWDOFRQGLWLRQDQGLW LV














DEVRUE KHDW IURP FRPEXVWLRQ DQG FRQWURO WKH IODPH
WHPSHUDWXUH
  RI KϮ UHF\FOH IORZ LV PL[HG ZLWK KLJK SXULW\
R[\JHQDQGSURGXFHR[LGDQWVWUHDPDQGLW LVFRPSUHVVHG
DQGSUHKHDWHGEHIRUHHQWHUFRPEXVWLRQIRUEXUQLQJIXHO








WKH WDEOH VKRZV WKH UHVXOW LV PDWFK WR WKH ,($ UHSRUW DQG LW
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H[KDXVW IORZ IRUPKHDW H[FKDQJHU WKLVPRGHO WHPSHUDWXUH LV



















































7KH FRPSRVLWH FXUYH RI PXOWLVWHDP KHDW H[FKDQJHU LV
H[WUDFWHG IRU $VSHQ 3OXV 0+HDW; EORFN )LJ  VKRZV WKH
FRPSRVLWHFXUYH7KHPLQLPXPYHUWLFDOGLVWDQFHEHWZHHQKRW


















WR GHVLJQLQJ SDUDPHWHUV RI KHDW H[FKDQJHU WKH IROORZLQJ
DVVXPSWLRQLVFRQVLGHUHG
 &KDQJLQJ KHDW H[FKDQJHU SDUDPHWHUV ZLWK FRQVWDQW
UHF\FOHGIORZUDWHDQGGLIIHUHQFHKd
 &KDQJLQJ KHDW H[FKDQJHU SDUDPHWHUVZLWK FRQVWDQWKd
DQGGHIHUHQFHUHF\FOHGIORZUDWH
,QRUGHUWRVLPSOLILHGVLPXODWLRQV WKH LVHQWURSLFHIILFLHQF\
RI F\FOH LV FRQVLGHUHG FRQVWDQW IRU DOO VLPXODWLRQV ,W LV
QHFHVVDU\ WR DGG WXUELQH ZLWK FRROLQJ EODGH HIILFLHQF\ PDS
FRPSUHVVRUDQGSXPSHIILFLHQF\PDSVIRUDFFXUDWHVLPXODWLRQ
A. Sensitivity Analysis with Constant Recycled Flow Rate  
7KHǻ7PLQIRUKHDWH[FKDQJHULVFKDQJHGIURP&WR&
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DQG GLDJUDP IRU SRZHU F\FOH HIILFLHQF\ UHODWHG WR ǻ7PLQ LV
H[WUDFWHGLQ)LJ
7KH UHF\FOHG IORZ UDWH LV FRQVWDQW VR WKDW WKH &27 LV













)LJ  VKRZV WKH RYHUDOO KHDW WUDQVIHU FRHIILFLHQW 8$
UHODWHGWRǻ7PLQIRUFRQVWDQWIORZUDWH,QRUGHUWRGHFUHDVHWKH
ǻ7PLQ D KHDW H[FKDQJHU ZLWK KLJKHU RYHUDOO FRHIILFLHQW 8$
QHHGVWREHGHVLJQHGUHVXOWLQJLQKLJKHUFDSLWDOFRVW&$3(;
7KH GLDJUDP VKRZV WKDW GHFUHDVLQJ ǻ7PLQ WR QHDU ]HUR




)LJ  VKRZV WXUELQHSRZHURXWSXW LV LQFUHDVHG UHODWHG WR
ORZHUǻ7PLQ IRU FRQVWDQW IORZUDWH7KLV DQDO\VLV VKRZV WKDW
ORZHUǻ7PLQZLWKRXWGHFUHDVLQJ&27ZLWKPRUHUHF\FOHGIORZ
UDWHWKHWHPSHUDWXUHRIIORZJDVLQWXUELQHLVLQFUHDVHGVRWKH
WXUELQH SRZHU LQFUHDVHG )XUWKHUPRUH WKH UHTXLUHG UHF\FOH
FRPSUHVVRU ORRS SRZHU LV FRQVWDQW VR WKH F\FOH HIILFLHQF\ LV
LQFUHDVHG 7KH PDWHULDO SURSHUW\ LQ WXUELQH EODGHV LV FULWLFDO
SRLQW RI WHPSHUDWXUH GHVLJQ LQ D JDV WXUELQH ,QFUHDVLQJ
PD[LPXPDOORZHGWXUELQHPHWDOWHPSHUDWXUHIURPWR
FDXVHDOORZLQJWKH&27LQFUHDVHVIURPWR>@
B. Sensitivity Analysis with Constant COT  
,QWKHFRQVWDQW&27VLPXODWLRQVWKHUHF\FOHGIORZUDWHZLOO
QHHGWRFKDQJHUHODWHGWRǻ7PLQRIKHDWH[FKDQJHU)RUORZHU











IORZ E\ LQFUHDVLQJ ZRUNLQJ IORZ )LJ  VKRZV UHF\FOHG
FRPSUHVVLRQ ORRS UHTXLUHG SRZHU UHODWHG WR ǻ7PLQ 7KHVH
UHF\FOHGDWDDUHLQDJUHHPHQWZLWK,($UHSRUWUHJDUGLQJǻ7PLQ
>@ 7KH KLJKHU ǻ7PLQ FDXVHV WKH ORZHU UHF\FOH ILQDO
WHPSHUDWXUHDQGIORZUDWHDQGSRZHUJHQHUDWLRQIRUWXUELQH2Q
WKHRWKHUKDQGWKHUHF\FOHJDVFRPSUHVVRUSRZHULVGHFUHDVHG
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C. Compare Sensitivity Analysis of Efficiency with COT and 
Recycled Flow Rate Constant  




7KH &27 LV PRUH WKDQ Σ& LQ WKH ORZHU ǻ7PLQ IRU
FRQVWDQWUHF\FOHGIORZUDWHVRWKHHIILFLHQF\LVKLJKHUWKDQRWKHU
VLPXODWLRQVZLWK FRQVWDQW &27 )LJ  DSSURYHV WKH KLJKHU
&27FDXVHVKLJKHUHIILFLHQF\
9,'(6,*1$1'&267$1$/<6,62)1(732:(53/$17
7KH UHVXOWV VKRZ WKDW WR DFKLHYH KLJKHU F\FOH HIILFLHQF\






7KH IROORZLQJ SDUDPHWHUV DUH VXJJHVWHG IRU GHFUHDVLQJ
ǻ7PLQDQGLQFUHDVLQJRYHUDOOKHDWFRHIILFLHQW8$IRUPXOWL
VWUHDPKHDWH[FKDQJHULQ1HW3RZHUF\FOH
 ,QFUHDVLQJ VL]H RI UHFRYHU\ KHDW H[FKDQJHU DQG KHDW
WUDQVIHUDUHD




 8VLQJ QHZ PDQXIDFWXULQJ WHFKQRORJLHV VXFK DV SULQWHG
FLUFXLWKHDWH[FKDQJHU3&+(DVXVHGLQ1HW3RZHUF\FOH























,Q WKLV DUWLFOH VHQVLWLYLW\ RI 1HW3RZHU R[\WXUELQH F\FOH LV
DQDO\]HGE\PHDQVRISURFHVVPRGHOLQJLQ$VSHQ3OXVVRIWZDUH
7KH UHVXOWV VKRZ WKDW KHDW H[FKDQJHU GHVLJQ KDV LPSRUWDQW
HIIHFWV RQ WKH HIILFLHQF\ FDSLWDO FRVW VDYLQJ HQHUJ\ DQG
RSHUDWLRQDOFRVWRIWKHF\FOH
7KHVLPXODWLRQUHVXOWVVKRZWKDWWKHHIILFLHQF\LQFUHDVHVZLWK
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WR EH KLJKO\ GHSHQGHQW WR WKH UHF\FOH IORZ UDWH DQG ZLWK
FRQVWDQWIORZUDWHWKHUHF\FOHFRPSUHVVLRQORRSSRZHUGHPDQG
LVFRQVWDQW7KHKLJKHUǻ7PLQZLWKFRQVWDQW&27FDXVHVORZHU
UHF\FOH ILQDO WHPSHUDWXUH ORZHU IORZ UDWH DQG ORZHU WXUELQH
SRZHURXWSXW7KHPRGHOOLQJVKRZVWKDWWKHSRZHUGHPDQGRI
UHF\FOH FRPSUHVVLRQ ORRS ZDV GHFUHDVHG DQG LQ WRWDO WKH




DQ H[SRQHQWLDOO\ LQFUHDVH LQ WKH FDSLWDO FRVW 7KH WUDGHRII
EHWZHHQ WKH FDSLWDO FRVW DQG HIILFLHQF\ LQ1HW3RZHU F\FOH LV
YHU\ FULWLFDO DQG ZLOO EH MXVWLILHG E\ VHOHFWLQJ DQ HIILFLHQW
ǻ7PLQ
,QRUGHUWRUHDFKKLJKHUF\FOHHIILFLHQFLHV&27ZLOOQHHGWR
EH LQFUHDVHG 7KLV VKRZV WKDW PDWHULDO SURSHUW\ RI WXUELQH
EODGHVRUWXUELQHEODGHVFRROLQJVWUDWHJLHVKDYHFULWLFDOUROHLQ
LQFUHDVLQJ HIILFLHQF\ RI 1HW3RZHU &\FOH )XUWKHUPRUH
GHVLJQLQJKHDWH[FKDQJHUVZLWKKLJKHURYHUDOOKHDWFRHIILFLHQW
8$ DQG ORZHU ǻ7PLQ UHVXOWV LQ KLJKHU HIILFLHQFLHV LQ
1HW3RZHUF\FOH7KLVPHDQVKHDWH[FKDQJHUKDVDFULWLFDOUROH
LQ 1HW3RZHU F\FOH SHUIRUPDQFH DQG RYHUDOO HIILFLHQF\ DQG
WKHUHIRUHLWLVYHU\LPSRUWDQWWRLQYHVWRQQHZKHDWH[FKDQJHU
PDQXIDFWXULQJ WHFKQRORJLHV PDWHULDOV DQG GHVLJQ PHWKRGV
UHVXOWLQJ LQ ORZHUFDSLWDODQGRSHUDWLRQDOFRVWRI WKHF\FOH LQ
QHDUIHDWXUH
5()(5(1&(6
>@ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ &OLPDWH FKDQJH
:HEVLWHKWWSVZZZLHDRUJ!
>@ 5 $OODP 6 0DUWLQ % )RUUHVW - )HWYHGW ; /X ' )UHHG HW DO
'HPRQVWUDWLRQRIWKH$OODP&\FOH$Q8SGDWHRQWKH'HYHORSPHQW6WDWXV
RI D +LJK (IILFLHQF\ 6XSHUFULWLFDO &DUERQ 'LR[LGH 3RZHU 3URFHVV















>@ 'LIIXVLRQ WHFKQRORJ\ :HEVLWHKWWSVZZZKHDWULFFRP
GLIIXVLRQBERQGLQJKWPO!
>@ 7RVKLED:HEVLWHKWWSVZZZXWLOLW\GLYHFRP!
>@ $* .DYLUL 010 -DDIDU 70 /D]LP 0RGHOLQJ DQG PXOWLREMHFWLYH
H[HUJ\ EDVHG RSWLPL]DWLRQ RI D FRPELQHG F\FOH SRZHU SODQW XVLQJ D
JHQHWLFDOJRULWKP(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW 

>@ 6DQMD\ ,QYHVWLJDWLRQ RI HIIHFW RI YDULDWLRQ RI F\FOH SDUDPHWHUV RQ









0RGHO IRU([SDQVLRQ LQ&RROHG7XUELQHV -(QJ*DV7XUELQHV3RZHU
-DQ
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